www.nature.com/scientificreports www.nature.com/scientificreports/ adenocarcinoma in patients with CP, especially in the hereditary form of the disease, which is attributed predominantly to the local inflammatory process acting as an oncogenic driver 8, 9 . While shared risk factors and co-morbidities like smoking and malnutrition contribute to accelerated aging in patients with CP, there is also a strong and established association between accelerated ageing and systemic inflammation -the so-called inflammageing phenotype. Indeed an elevation in markers of systemic inflammation e.g. serum IL-6 and CRP occurs during the normal ageing process despite the absence of infection or other pathophysiological processes to account for their rise 10, 11 . In a recent systematic review we have demonstrated that CP is associated with elevated systemic levels of inflammatory mediators such as IL-6, TNFα, IL-8 and members of the IL-1 family 12 .
The aim of the current study was to determine the impact of this systemic inflammation on quality of life in patients with CP and thereby determine if inflammageing may be a concept worthy of further exploration in this disease.
Materials and Methods
The study was approved by the ethical review board of Technische Universität München (Project 104/15) on 02/04/2015 and by each of the relevant ethics authorities in the participating centres. The study protocol conforms to the ethical guidelines of the 1975 Declaration of Helsinki. Written, informed consent was obtained from each patient included in the study.
Patients.
Patients presenting with an established diagnosis of CP attending for review at each of the participating centres were invited to participate in this study. The presence of CP was defined as per the HaPanEU guidelines i.e. either a pain history typical for the disease or, in the absence of pain, the presence of biochemically proven pancreatic exocrine insufficiency. In addition all patients were required to have radiological evidence of CP and the initial diagnosis had to be at least 2 years prior to recruitment 2 .
The exclusion criteria for this study were as follows: an active diagnosis of neoplasia or a disease free interval of less than five years; patients unable to provide informed consent to participate in the study including those less than 18 years of age; patients with Childs-Pugh score B/C liver cirrhosis; patients who were immunosuppressed either as a result of disease (e.g. HIV) or active medical treatment (patients with NSAID as pain medication were not excluded); patients treated with antibiotic therapy within the last month or with an active infective process; patients who had received systemic steroid treatment within the last month; patients with chronic kidney disease stage 4 or greater (eGFR < 30 ml/min) and those who had received surgical treatment of any form to any body-site within the last year.
At the point of recruitment the interviewing doctor completed a study questionnaire and all patients were asked to complete the EORTC QLQC-30 and PAN-28 questionnaires. Blood samples were taken for full blood count, urea & electrolytes, liver function, CRP and HbA 1 C. A serum sample was stored for later analysis at −80 °C.
Interpretation of quality of life data. Quality of life was assessed by calculating function or symptom scores for each of the domains assessed by the two questionnaires 4, 13 . For both types of score a raw score was first calculated as the mean response to each of the component items constituting the domain. For functional scores the following equation was then utilised:
For functional domains a low score implies poorer function and therefore a lower quality of life. In contrast for symptom domains the following formula was utilised:
For symptom domains a high score implies more severe symptoms and therefore a poorer quality of life. To determine the relationship between systemic inflammation and quality of life patients with CP were compared to each other and not to healthy controls. Therefore each of the inflammatory mediators measured was categorised as either 'high' or 'low' based upon the median serum level.
Statistical analysis. To determine the relationship between the measured variables and quality of life measures we performed a general linear model multivariate analysis of variance (GLM-MANOVA) separately for the QLQ-C30 and PAN-28 questionnaires. We assessed the impact of each factor using Wilks λ with p < 0.05 being considered significant. To ensure that the associations of measured inflammatory variables were independent of key clinical factors (smoking, diabetes mellitus and current alcohol consumption) the analysis was repeated with these factors as co-variates 14 . Those factors identified as being associated with quality of life on GLM-MANOVA were then entered into a second ANOVA to investigate the association between each factor and the quality of life scale items individually with post-hoc testing using the Bonferroni correction with a p < 0.05 being considered statistically significant.
Numerical variables are presented as mean (±standard deviation). All statistical analysis was carried out using SPSS v. 23 (IBM Corporation, USA).
Any additional data that is not mentioned in the article is provided as supplementary material.
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Results
Across the five participating centres 296 patient were screened for this study, 51 met one or more of the exclusion criteria, 30 refused to participate, 3 were discharged before inclusion and 1 patient had an unsure diagnosis of CP. Altogether a total of 211 patients were recruited for this study. Patient characteristics are summarised in Table 1 Table 1 ). In the PAN-28 questionnaire gender (p = 0.04), being a current drinker (p = 0.001) and the presence of diabetes mellitus (p = 0.04) were also negatively associated with quality of life outcomes (Supplementary Table 2) .
Subsequent ANOVA analysis revealed that being a current smoker impacted negatively on quality of life across a total of 14 domains in the QLQ-C30 quality of life questionnaire. Male gender was associated with poorer cognitive function, increased dyspnoea scores but better digestive function. Older age was associated with increased financial difficulties. In the PAN 28 being a current drinker was associated with a higher feeling of alcohol related guilt but was associated with less night pain, lower symptom scores for decreased muscle strength and a positive impact on body image. The presence of diabetes mellitus was associated with poorer sexual function but less alcohol related guilt (Table 3) .
Systemic inflammation and quality of life. Mean levels of inflammatory mediators are presented in Supplementary Table 3 . The most relevant associations of inflammatory mediators with quality of life are presented in Table 4 and Fig. 1 . Supplementary Table 4 displays all associations with quality of life domains and inflammatory mediators.
Of the measured inflammatory mediators 3 were associated with an impact on quality of life across both QLQ-C30 and PAN-28, these being MDC, IL-7 and IP-10. Across the two questionnaires a high serum MDC level was associated with a negative impact across 12 measured quality of life domains including role functioning, social functioning, fatigue and insomnia. A high serum IL-7 had a negative impact on a total of 10 quality of life domains across the two questionnaires including global quality of life. High IL-7 seemed to be particularly associated with a negative impact on domains related to digestive function including nausea and vomiting, diarrhoea and indigestion. A high serum IP-10 had a negative impact on quality of life across a total of 4 domains.
High expression of a further 5 inflammatory mediators (IL-8, IL-12/IL-23p40, IL-16, MIP1α and TNFβ) were associated with a negative impact on quality of life domains measured by QLQ-C30. Of these high serum levels of IL-8, IL-16 and MIP1α were associated with a negative impact on global quality of life. Individually a high serum MIP1α had a negative impact across 12 measured domains, IL-16 across 10 domains, IL-8 across 8 domains and both IL-12/IL-23p40 and TNFβ on one domain each.
For the PAN-28 questionnaire a high expression of 6 of the measured inflammatory mediators (Eotaxin, IL-12p70, IL-13, IL-1β, MCP1, MCP4, TARC) was associated with a negative impact on quality of life. Whilst a high serum MIP1β was associated with a negative impact on quality of life this association was lost when the GM-MANOVA analysis was adjusted for diabetes mellitus and it was thus not considered further (λ = 0.802; p = 0.07, Supplementary 
Discussion
It has been reported in a variety of other diseases that elevated serum inflammatory cytokine levels are associated with an impaired quality of life in patients [15] [16] [17] . In this study we have shown that there is a strong link between a diminished quality of life and systemic inflammation in patients with CP. Several pro-inflammatory mediators are associated with reduced quality of life in general or with worse specific function and symptom scores of the QLQ-C30 and PAN 28 questionnaires. While some of the inflammatory mediators were described in recent clinical and pre-clinical studies dealing with this issue, changed serum levels of most of the identified inflammatory mediators have not been associated to CP yet 12, 18 . Patients with CP suffer from a diminished quality of life in general. Our results indicate three aspects with a particular impact on quality of life: pain as the most prevalent symptom, pro-inflammatory mediators involved in fibrosis as well as in accelerated aging.
Amongst the symptom scores pain stands out with an apparently high score. This finding is in accordance with previous studies and questions the current analgesic treatment of these patients. Analgesic medication alone often does not result in sufficient pain control 13, 19 . Otherwise, it has been demonstrated that smoking influences disease progression in chronic pancreatitis as measured by calcifications within the gland and the development of diabetes mellitus 20 . Of the measured clinical variables smoking impacted on 14 individual domains of the QLQ-C30 questionnaire including those such as pain and global quality of life. This confirms the results of recent publications that also showed that pain and nicotine abuse negatively influence quality of life in patients with CP 21, 22 . Whether pain and smoking status are independent variables influencing quality of life as described by Machicado et al. or nicotine abuse influences quality of life by its impact on pain still has to be evaluated. The fact that smoking cessation might be a potent additive option to treat pain and improve quality of life in those patients highlights the need for targeted support for this patient cohort. www.nature.com/scientificreports www.nature.com/scientificreports/ In this study we have shown for the first time, to our knowledge, an association between an elevated MIP-1a level and poorer quality of life. MIP-1a is primarily described as a chemokine attracting macrophages and neutrophils to areas of tissue injury 23 , indeed MIP-1a is thought to play a key role in attracting macrophages to the injured pancreas in murine models of alcohol induced pancreatitis 24 . Whilst it may be that MIP-1a is simply a surrogate for pancreatic injury and therefore a diminished quality of life the chemokine has been linked with more systemic effects that may also affect quality of life. For example elevated serum levels of MIP-1a have been linked to changes in mood and altered cognition and this would fit with our finding that MIP-1a was significantly associated with poorer cognitive functioning 25, 26 . There is also evidence from animal models of sciatic nerve ligation that MIP-1a contributes to the pathogenesis of neuropathic pain although we did not demonstrate an association with pain in the current study 27 . Fibrosis is one key element in pathogenesis and progression of CP and driven among others by Il-13 28 . Also, an increased serum MDC level was associated with a negative impact on quality of life across both questionnaires. MDC is associated with pulmonary fibrosis and in those patients with idiopathic pulmonary fibrosis, it is associated with poorer outcomes 29, 30 . Similarly whilst little is known of the role of IL-7 in CP it does play a fundamental role in the biology of fibroblast activation. Also IP-10 has been identified as a biomarker of chronic liver disease where it promotes inflammation and fibrosis and so may represent a part of the fibrogenic process in CP 31, 32 . Another area that has not received much exploration to date is the impact of systemic inflammation on the development of frailty and ageing. Typically ageing is associated with triggering of the NF-κB, IL-1α, TGF-β and IL-6 pathways 33 . In addition, a senescence associated secretory phenotype has been described and many inflammatory mediators identified in this analysis belong to this secretory phenotype. As a negative regulator of TGF-β signalling, Il-7 is a component of the senescence associated phenotype 34, 35 . An elevated serum IP-10 level is also considered to be a biomarker of the ageing process 36 . Of the other inflammatory mediators identified as having an association with quality of life in this study several are known to be associated with senescence and ageing including IL-8, MIP-1a, IL-13, IL-1β and MCP-4 35 . Declines in both physical and cognitive functioning are key hallmarks of the ageing process. Il-8 and 16 as well as MDC and MIP-1a are associated with significantly lower scores for physical and cognitive functioning.
Scales Items Mean (SD) QLQ-C30
In addition several of the other inflammatory mediators are associated with poorer quality of life and ageing in other diseases. For example an elevated serum IL-16 level is associated with neurocognitive impairment in those living with HIV and an elevated serum IL-12p70 is associated with poorer cognitive function in ageing adults 37, 38 . Table 4 . Inflammatory mediators and quality of life. www.nature.com/scientificreports www.nature.com/scientificreports/ Whether cellular senescence is the cause of the inflammatory pattern seen in those patients with a poorer quality of life, or, whether it is merely a consequence of ongoing cellular injury within the pancreas remains to be determined although there is evidence that senescence does occur within pancreatic acinar cells and stellate cells in patients with CP 39, 40 . Further studies are needed to evaluate whether the inflammatory mediators are causative for the recorded symptoms and changes in quality of life and whether these inflammatory mediators might then qualify as potential therapeutic targets to treat symptoms and increase quality of life in patients with CP.
Conclusion
This study has demonstrated that diminished quality of life in CP is associated with elevated serum levels of several inflammatory mediators which cannot be explained by clinical variables such as smoking status and diabetes mellitus. Also inflammatory mediators might be involved in disease progression and accelerated aging in patients with CP. It remains to be determined whether this effect is causal or merely a surrogate for ongoing pancreatic injury but it is worthy of further exploration given the strong association with CP and poor systemic health. In addition, smoking has a strong influence on pain and quality of life in general in those patients.
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